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Abstrael 
Humic Acids (HAs) extracted from soils of very different origin have becn <1' 
pyrolysís in Ihe presence of tetramelhylammoníum hydroxide. The thermal ti 
producls consisled mainly of aliphalic series such as fatty acids mcthyl cst~r, 
melhoxy falty acid methyl esters. Trilerpenoid compounds with ursane. oleananc " 
skeletons were also detected in several samples. Aromatic units derived from lign 
were also detecled although in minor amounlS and corresponded mainly to gu 
syringyl unils. This procedure seems to release the more Iabile, alíphalic moíctíes : 
the aromatic nuc/ei of the HA Slructure. 
Keylt'ords: Humic acids: Pyrolysis; Soil; Tetramethylammonium hydroxide 
1. I ntroductioo 
Pyrolysis-gas chromatography/mass spectrometry (Py-GC/MS) has b( 
use<! in the structural characterization of soil humíc acids (HAs) [1 
compounds released correspond to very well known plant and microbí. 
nents such as polysaccharides, proteins. lignins, etc. Owing to the con 
variable composillon of the HAs, the possibilities of obtaining precise 
information from their pyrolysis patterns are greatly limited. Special alll 
been given, therefore, to the introduction of spectfic changes in the functionality of 
the humic macromolecule in order to study thé pyrolytic pattern of chemically 
modified HAs [5]. 
Pyrolytic methylation in the injector of a gas chromatograph has been routinely 
used in the direct analysis of fatty acids and triglycerides [6]. More recently, flash 
pyrolysis in the presence of tetraalkylammonium salts has also been used in the 
characterization of different natural and artificial polymers such as cutins, alkyd 
resins, polyester fibres, humic substances and kerogens [7 -13]. This process pro-
duces methyl esters of carboxylic acids and methyl ethers of hydroxy compounds. 
It has been demonstrated with aliphatic esters and benzenecarboxylic acid stan-
dards that this procedure, also called simultaneous pyrolysis methylation (SPM), 
consists of a thermally assisted chemolysis rather than a true pyrolysis followed by 
"in situ" methylation of the products [12,13]. 
In a previous paper [13] we have demonstrated the utility of SPM to asses the 
structure of fulvic acids (FAs). Some new aroma tic pyrolysis products arising most 
probably from the building block of the FA macromolecular structure could be 
detected. As a continuation of that paper, we report here the behaviour of soil HAs 
against SPM in order to confirm the utility of the technique to assess their 
macromolecular structure. Furthermore, as the HAs were isolated from different 
types of soils, a second purpose was to prove whether this technique could provide 
us with a fingerprint of different soil environments. 
2. Materials and methods 
The HAs selected for this study were isolated from four Spanish soils with 
different geographical origin and characteristics. A number of field and analytical 
characteristics of the soils have been already published [14]. The isolation proce-
dures have been previously described [1,2]. Table I shows the elementary composi-
tion and functional group analysis of the HA samples. Prior to the SPM analysis 
the HAs were extracted in a Soxhlet with dichloromethane for 24 h to remove the 
retained lipidic material. 
2.1. Py-GC¡MS 
For the pyrolysis in the presence of tetramethylammonium hydroxide (TMAH), 
the HA samples were first dissolved in the minimum amount of TMAH (25'1., 
aqueous solution) and dried in a desiccator overnight. The syrups were placed on 
the ribbon foil of the CDS pyroprobe and heated to 500°C for lOs. Separation of 
the pyrolysis products was achieved in a fused silica column (DB-5, J&W Scientific) 
of 25 m length and 0.2 mm i.d. The gas chromatograph (Hewlett Packard HP 5890) 
was programmed from 40 to 300°C at arate of 6°C/min. Helium was used as carrier 
gas. The mass spectrometer (HP 5988 A) was set at 70 eVo Identification was 
achieved by mass fragmentography, Iibrary search and comparison with Iiterature 
data. 
Table 1 . 
Origin and sorne characteristics of the selected sarnples 
Narne Horizon Depth Order pH C(%) Total Carboxyl groups Phenolic C H N O Geographical 
(cm) (H2 O) acidity (rneq g-I) hydroxyl origin 
groups 
HA-A AO+AI 0-20 Andic Humitropet 5.4 11.3 8.7 2.7 6.0 48.4 4.1 2.2 45.3 Las Lajas (Canary Islands) 
HA-P Bh 20-30 Typic Haplorthod 3.3 6.6 10.5 4.2 6.3 59.4 4.2 3.2 33.2 Ribadeo (Galicia) 
HA-V AO+AI 0-20 Typic Chemoxerert 7.8 1.0 5.7 3.1 2.6 57.7 5.6 5.8 30.9 Utrera (Andalussia) 
HA-I B 10-30 Histic Humaguept 3.6 5.1 6.0 3.3 2.7 57.1 4.5 3.4 35.0 Doñana (Andalussia) 
3. ResuIts and discussion 
Fig. 1 shows the pyrograms, obtained in the presence of TMAH, of the different 
soil HAs. The main series of compounds detected were aliphatic moieties. Aromatic 
pyrolysis products were minor components and they corresponded mainly to syringyl 
and guaiacyl units arising from the pyrolysis of lignin moieties. The chemical nature 
of the individual compounds are marked on each peak and listed in Table 2. The 
apparent contradiction between the H/C and O/C ratios ofthe HA samples and those 
of the pyrolysates should be noted, being the pyrolysates depleted in O and enriched 
in H. This fact. however, is obvious since a large part of the sample (mainly the 
O-rich polysaccharides) is converted and lost as CO2 • Also, in the case of off-line 
pyrolysis, sorne other small and volatile components can be missed. 
Although the HAs analysed here have a very different origin, their spectral 
fea tu res. as characterized by FT -IR and 13C NMR, are very similar and do not reRect 
the inRuence of any specific soil-forming factors upon the spectral patterns of the HA 
isolated from a particular soil [14]. In comparison with conventional pyrolysis, which 
usually only allows the detection of sorne source indicator compounds or the 
quantitative determination of broad groups of pyrolysis products with a common 
origin, the SPM pyrograms can be considered as fingerprints illustrating the different 
origin of the HAs. 
The different series of aliphatic acids relea sed after SPM consisted mainly of mono-
and dicarboxylic acids (C I6-C34 ) as well as their methoxylated counterparts. The 
distribution of these series reRects the contribution of higher plant waxes. The 
different series of aliphatic acids may be chemically bound to the HA matrix in a 
form similar to that suggested by Schnitzer and Neyroud [15]. The ex,w-alkanoic 
diacids may act as bridge in the macromolecular structure, their content therefore 
being related to the cross-linking grade of the macromolecular network. The 
microbial contribution in all the soil HAs is also evidenced by the presence of the 
iso and anteiso-C1S and C 17 fatty acids. 
A resistant and highly aliphatic biopolymer present in modern and fossil plant 
cutic\es and suberin [16.17] might al so be responsible for the release of sorne of 
these aliphatic chains. The occurrence of this biopolymer has already been widely 
reported in soil HAs by c\assical Py-GC/MS [3,18,19]. Although the above 
biopolymers are minor constituents of the original biomass they are more refractory 
than other major vegetable components, inc\uding !ignin, and could concentrate in 
the early diagenesis. 
Significant amounts of higher plant triterpenoid acids (with ursane and oleanane 
skeletons) were identified among the pyrolysis products of the HA-A (Typic 
Chemoxerert). Their detection is noteworthy and suggest that they are al so cova· 
Fig. 1. (Overleal). Total ion chromatograms of the thermal degradation products obtained after 
pyrolysis in the presence of TMAH of humic aeíds isolated from the selecled soils. (HA-A: Andic 
Humitropt'l: HA·P: Typic Haplorlhod: HA-V: Typic Chemoxert'rl; HA-I: Hislic Humaqut'pl). Label keys: 
en, alkanoic acid methyl ester; C'n, alkanedioic acid dimethyl ester; OMe-en, melhoxy alkanoic aeid 
methyl ester; OMe-C'n. methoxy alkanedioic acid dimethyl ester; T, triterpenoids with oleanane and/or 
oleanane skeletons; hop, hopanoic acid. • eontaminants. 
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Table 2 
Main series of compounds identified in lhe Py(TMHA) of lhe soil HA samples 
Peak Compound HA-A HA-P HA-I HA-V 
Aromalic compounds 
1 4-Methoxybenzenecarboxylic acid melhyl ester + +++ ++ 
2 1,3,4-Trimethoxybenzene + 
Benzenedicarboxylic acid, dimelhyl ester + + 
4 3,4-Dimetboxybenzenecarboxylic acid methyl ester ++ + ++ ++ 
5 Metliyl-3,4-dimetboxybenzenecarboxylic acid melhyl esler + 
6 4-Methoxybenzenepropenoic acid methyl ester + + ++ 
? 3,4,5-Trimethoxybenzenecarboxylic acid methyl ester ++ +++ +++ 
8 2-C14 furan +++ 
9 3,4-Dimethoxybenzene propenoic acid methyl ester + + ++ 
Aliphatic compounds 
en Monocarboxylic acids C12-C32 ( + + +) C12-C32 ( + + +) CI2-C34(+++) C12-C32 ( + + +) 
Cn:1 Unsaturated monocarboxylic acids C18:1 (+) C18:1 (+) CI8:1, C19:1 (++) C18:1 (++) 
b-Cn Branched monocarboxylic acids C15, C16, CI? (+) C15, C16, CI? (+) C15, C16, Cl7, CI9 (+ +) C15, C16, CI? (+ +) 
C'n Dicarboxylic acids C4, C9, C14-C28 ( + + +) C20-C28 ( + +) C9, C14-C30 ( + +) C9, Cl4-C28 ( + +) 
C'n:1 Unsaturated dicarboxylic acids C4:I,CI8:1(+) (-) C18:1 (+) Cl8:1 (+) 
OMe-Cn Methoxymonocarboxylic acids CI6-C26_ Cl8: I (+ + +) C16, C22-C24 (+) C14-C26 (+) CI6-C26, C18:1 (+) 
(OMeh-Cn Dimethoxymonocarboxylic acids C16, CI8 (+) C16, (+) (-) C16, CI8 (+) 
OMe-C'n Metboxydicarboxylic acids Cl6. CI8 (+) (-) CI6 (+) C16. CI8 (+) 
T Triterpenoid acids 2 ole, urs (++) ole, urs, hop ( + ) hop (+) hop (+) 
Not delecled ( -); low, medium, high abundances ( +, + +, + + +). 
a Oleanane (ole), ursane (urs) and hopane (hop) skelelons. 
lently bound and incorporated into {he macromolecular HA matrix. TI 
these compounds, that are very specific markers for certain c\asse 
(angiosperms), could provide us with a better knowledge of the condi 
soil formation. Also, microbial triterpenoid acids with hopanoid skc 
been detected in almost all the samples and may also be covalently b, 
macromolecular HA network. 
The thermal degradation products obtained after SPM of the .. 
suggests that the aliphatic moieties linked to the HA network may ha 
origins: bound lipids derived from plants and microorganisms, macron 
microbial origin and biomacromolecules derived from plant cutic\es : 
biopolyesters cutin and suberin and the non-biopolyesters cutan ar 
Extractable lipids trapped in the macromolecular structure but no! 
bound to it, and detected in other HAs [19], must be exc\uded since 
performed on HAs previously extracted exhaustively with organic sol 
evident that most of these aliphatic components can be isolated by sin 
ification. However, many types of bonds other than ester bonds are pr, 
HA structure. Most of them are resistant to saponification and have to 
by other drastic chemical and thermal methods. 
The high aliphaticity of the samples as revealed by SPM seems n' 
agreement with the NMR data, which give aromaticity values for th, 
between 32 and 47% [14]. Pyrolysis of a selected sample, HA-V, in ti 
of TMAH at two different temperatures (500 and 700°C) shows ho 
the ratio aromatic/aliphatic increases with the pyrolysis temperature. 1 
the conditions used here, the aliphatic components might be empha 
trend is al so in agreement with other authors who have shown an incl 
phenol/aliphatic ratio with the temperature of the conventional pyr 
soil HA [20]. These results suggest that the aliphatic components are I 
or by low-energy bonds in the polymeric structure, whereas th, 
moieties require comparatively more energy for release from the macl 
network. 
The aromatic compounds identified have shown the contribution ( 
types of lignin building blocks (p-coumaryl, guaiacyl and syringyl ur 
respective\y from grasses, higher plants and/or trees. In general terms, ¡ 
units are characteristic of grass, guaiacyl units of gymnosperms and t 
units of angiosperms. A striking feature is the identification of ligni 
units with carboxyl groups, not previously reported by conventional r 
being a part of the lignin structure. Experiments with benzenecarb 
standard s show that these units are decarboxylated and not releas!: 
ventional pyrolysis, although they are re\eased by SPM [13]. Carbox: 
have been detected in the SPM of different lignins [21] since this techni 
decarboxylation. Several differences were found between the samples 
(Andic Humitropet) the absence of p-coumaryl units suggests the absen 
inputs to this specific soil although they are present in the other sal 
presence of syringyl units, represented in these samples by the 3. 
oxybenzenecarboxylic acid methyl ester, was detected in relative\y laf! 
in alI samples, except in HA-P (Typic 'Haplorthod), suggesting the absence of 
angiosperm contribution to this sample. In this sample, a compound was detected 
in large amounts with a base peak at mIz 81 and a molecular ion at mIz 264 in its 
mass spectrum that was tentatively identified as 2-tetradecylfuran (Peak no. 8 in 
Fig. 1 and Table 2). Flash pyrolysis of polysaccharides produced low molecular 
weight furane compounds but not long chain alkylfuranes. This compound could 
result either from the intramolecular cycIization of a CI8 unsaturated alcohol or the 
release of a furan moiety that exists as such in the HA structure. In the first case 
the cyc\ization should be a favoured reaction in the competition with the methyla-
tion of the hydroxyl group. In any case, this is a very characteristic and distinctive 
component restricted only to this sample. 
The 13C NMR and SPM data suggest that the HA structure might be composed 
of highly condensed aroma tic nucIei (that wi\l produce a strong signal in the 13C 
NMR spectrum), with more labile aliphatic moieties attached to it. SPM, which is 
essentially a chemolysis (i.e. a chemical degradation at high temperatures) will 
attack preferentially these external and labile moieties, being the carboxylic and 
methoxyl function points of attachment in the humic macromolecule. 
One of the main limitations of pyrolysis in the presence of TMAH is the inability 
to distinguish between the methoxyl groups originally present in a molecule and the 
free hydroxyl groups that become methylated after SPM. This is the case, i.e. of the 
benzenediol and the methoxyphenol, or guaiacol, that will produce the same 
dimethoxybenzene after SPM. A new reagent wi\l therefore have to be introduced 
that can distinguish between these two originally present hydroxyl and methoxyl 
groups. Experiments with tetrabutylammonium hydroxide are at this moment in 
progress in our laboratories. Pyrolysis in the presence of this reagent will introduce 
a butyl moiety in the original free hydroxyl group (forming an O-butyl ether) that 
can thus be distinguished from the original methoxyl function. 
4. Conclusions 
Pyrolysis in the presence of TMAH is a powerful analytical technique to study 
the chemical nature of soil HAs. This technique improves on the information 
gained by conventional pyrolysis and complements the NMR data. The data 
obtained in this study reveal a major contribution of aliphatic material in the soil 
HA structure. Characteristic biomarkers, such as the triterpenoids with ursane, 
oleanane and hopane skeletons have been released by this method, suggesting that 
they are also covalently bound to the macromolecular matrix. This technique 
releases the more labile, aliphatic moieties attached to the aromatic nucIei of the 
HA structure. 
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